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(54) Bent pipe for passing therethrough a material containing solids 



(57) A bent pipe for use in piping arrangement for 
transporting materials conaining solids, the bent pipe 
being prepared by subjecting to high-frequency bending 
work a straight blank pipe prepared by centrifugal cast- 
ing and having a plurality of layers. The straight blank 
pipe comprises an outer layer made of a steel having 
high weldability, an inner layer made of a high Cr cast 



iron containing at least Cr in an amount of 10 to 35 wt. 
% and having high wear resistance, and a barrier layer 
formed between the outer layer and the inner layer for 
preventing an alloy component of each of the inner layer 
and the outer layer from diffusing into the other layer, 
the outer layer, the barrier layer and the inner layer being 
metaJlurgically joined. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to bent pipes suitable for use in piping arrangement for transporting materials 
containing solids, and to a process for producing the bent pipes. 

BACKGROUND OF THE INVENTION 

[0002] Solid material transport systems having a pipe for passing therethrough a solid material such as oil sand, 
coal , ore, sand, earth or municipal refuse have the pipe inner surface thereof exposed to a severe abrasive environment 
and therefore need to have a sufficient wear resistance over the pipe inner surface. This need increases all the more 
especially in bent pipes. High Cr cast iron which is excellent in wear resistance has theretofore been used favorably 
as a material for such pipes. 

[0003] However, since the high Cr cast iron is low in weldability, pipes of this material cannot be joined to one another 
by butt welding as required for providing piping systems. 

[0004] Accordingly, as shown in FIG. 3, a pipe 1 0 of double-layer structure has been proposed and placed into use 
which comprises an inner layer 11 of high Crcast iron and. an outer layer 12 of carbon steel or the like which has high 
weldability. This double-layer pipe 1 0 is produced by centrifugal casting. After casting the outer layer 1 2, the inner layer 
11 is cast, whereby the inner layer is metallurgically joined with the outer layer to provide a metallurgically integral 
structure of the two layers. 

[0005] When such double-layer pipes 10 are used to provide a piping system, one pipe is joined directly to another 
by butt welding W1 at their outer layers 12, or a flange 13 is welded as at W2 to the outer layer 12 of each of pipes, 
and the flanges are attached to each other to form a joint for connecting the pipes. 

[0006] In constructing piping systems, there arises a need to use bent pipes having bent portions of various shapes, 
such as elbows, U-shaped pipes and S-shaped pipes. 

[0007] Bent portions can be formed in pipes typically by high-frequency bending work. However, high Crcast iron is 
brittle and therefore susceptible to cracking when subjected to the bending work. In applying a high-frequency bending 
work for a straight blank pipe prepared by centrifugal casting and having an inner layer of high Cr cast iron, the inventors, 
of this application has proposed optimum conditions with respect to the bending work temperature; the rate of increase 
in temperature to the work temperature, the rate of bending in the work temperature range. and the rate of decrease 
in temperature for cooling, which can prevent the bent pipe from occurring cracks (Japanese unexamined patent pub- 
lication H El 11-267764). . 

[0008] For the centrifugally prepared double-layer pipe to be used as a straight blank pipe mentioned in the above, 
however, there is a problem that the inner layer material and the outer layer material become mixed with each other 
at the metallurgically joined portion, with the material of each layer diffusing through the material of the other layer. If 
the Cr of the inner layer diffuses from the joined portion into the outer layer to reach a position close to the surface of 
the outer layer, the outer layer becomes brittle and is liable to crack when subjected to high-frequency bending work. 
Accordingly, it was necessary to give the outer layer a thickness which is greater by an amount corresponding to the 
region of diffusion of Cr. 

[0009] An object of the present invention is to provide a bent pipe having the outer layer rendered thinner by forming 
a barrier layer between the outer layer and the inner layer, for preventing the alloy component of each of the outer and 
inner layers from diffusing into the other layer. 

SUMMARY OF THE INVENTION 

[0010] The present invention relates to a bent pipe for passing therethrough a material containing solids, the bent 
pipe being formed by subjecting to high-frequency bending work a straight blank pipe prepared by centrifugal casting 
and having a plurality of layers, the straight blank pipe comprising an outer layer made of a steel having high weldability, 
an inner layer made of a high Cr cast iron containing at least Cr in an amount of 1 0 to 35 wt.% and having high wear 
resistance, and a barrier layer formed between the outer layer and the inner layer for preventing an alloy component 
of each of the inner layer and the outer layer from diffusing into the other layer, the outer layer, the barrier layer and 
the inner layer being metallurgically joined. It is desired that the barrier layer be about 1 0 to about 1 00 p, m in thickness. 
More preferably, the thickness is 20 to 50 u, m. 

[0011] The present invention relates also to a process for producing a bent pipe for passing therethrough a material 
containing solids, the process comprising a step of preparing by centrifugal casting a straight blank pipe comprising 
an outer layer of a steel having high weldability, an inner layer of a high Cr cast iron having high wear resistance, and 
s barrier layer formed between the outer laye r and the inner layer and metallurgically joined with the layers for preventing 
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an alloy component of each of the layers from diffusing into the other layer, the centrifugal casting being performed by 
casting an inner layer molten metal immediately after complete solidification of the outer layer to form the barrier layer 
and casting the inner layer molten metal immediately after complete solidification of the barrier layer to form the inner 
layer, and a step of forming the bent pipe by subjecting the straight blank pipe to high-frequency bending work, the 
high-frequency bending work being performed by raising the temperature of the straight blank pipe at a rate. of 50-250°C/ 
min and heating the straight blank pipe at a temperature of 1000 to 1050°C by high-frequency heating, bending the 
straight blank pipe at a rate of 0.3-0.8 mm/sec in the same temperature range, and thereafter cooling the resultant 
bent pipe at a rate of up to a maximum of 50°C/min. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

FIG. 1 is a graph showing the relationship between the mechanical properties of a 27 Cr type cast iron and the 
temperature; 

FIG. 2 is a diagram schematically showing high-frequency bending work; 

FIG. 3 is a diagram for illustrating centrifugally cast pipes of double-layer structure as joined to each other; and 
FIG. 4 is a photograph showing the metal structure (x 100) of pipe No. 1 in the vicinity of a barrier layer thereof . 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] A detailed description will be given below with regard to bent pipes for use in piping systems for transporting 
solid materials. 

[001 4] The bent pipe of the present invention is produced by centrifugal casting a straight blank pipe which comprises 
an outer layer of a steel having high weldability, and an inner layer of a high Crcast iron having high wear resistance, 
the outer layer and the inner layer being metallurgical^ joined, and then subjecting the straight blank pipe to high- 
frequency bending work. 

Material for Outer Layer 

[0015] . Preferable to use for the outer layer is a carbon steel or an alloy steel containing at least C in an amount in 
wt. % of over 0% to not greater than 0.25%. 

[001 6] Examples of such alloys are those having a chemical composition comprising, in wt. %, over 0% to not greater 
than 0.25% of C, up to 1.5% of Si, up to 1.5% of Mn and, when desired, a suitable amount of at least one element 
selected from among Ni, Mo, V, etc., the balance being substantially Fe. Suitable to use are, for example, JIS G51 02, 
"Cast Steels for Weld Structures", SCW410, 450, etc. 

Material for Inner Layer 

[001 7] Preferably to use for the inner layer is a high Cr cast iron containing at least Cr in an amount of 1 0 to 35 wt. 
% because the high Cr cast iron is most suitable for assuring the pipe inner surface of the desired wear resistance, 
[0018] Examples of such high Cr cast irons typically has a composition comprising, in wt. %, 2.0 to 3.5% of C, up to 
2.0% of Si, up to 2.0% of Mn, 10 to 35% of Cr and the balance substantially Fe. 

[001 9] . Examples of preferred high Cr cast irons are 27 Cr type cast irons comprising, in wt. %, 2.0 to 3.5% of C, up 
to 2.0% of Si, up to 2.0% of Mn, 23 to 35% of Cr and the balance substantially Fe. These cast irons have.a white Iron 
structure comprising a precipitate of iron-chromium double carbide dispersed in a hard martensitic matrix. 
[0020] When desired, at least one element selected from the group consisting of 0.3 to 1 .5% of V, 1 .0 to 4.0% of Mo, 
0.5 to 2% of Cu and 1 .5 to 3.0% of Ni can be present in the high Cr cast iron. 

Preparation of Straight Blank Pipe by Centrifugal Casting 

[0021] The outer layer forming metal is placed in a molten state into a centrifugal casting mold. A small amount of 
the inner layer forming molten metal is placed into the mold approximately simultaneously with the complete solidifi- 
cation of the outer layer inner surface to melt the solidified portion of the outer layer again. The remelted portion provides 
the barrier layer for preventing the material of the inner layer from diffusing into the outer layer as will be described later. 
[0022] Since the amount of molten metal placed in at this time is small, the remelted region is very small and starts 
to solidify immediately. The material of the inner layer is therefore almost unlikely to diffuse into the outer layer beyond 
the remelted region. Stated more specifically, the amount of inner layer molten metal to be placed in is such that the 
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remelted region at the outer layer inner surface will have a thickness of about 1 0 to about 1 00 n m. If the thickness is 
less than 10 u. m, the barrier layer will not be fully joined with the outer layer metallurgically, whereas if the thickness 
is greater than 100 \i m, it is likely that the material of the inner layer will start to diffuse into the outer layer. More 
preferably, the thickness is 20 to 50 m. 

[0023] The molten metal for forming an inner layer is subsequently placed in, whereby the remelted region as solid- 
ified is melted again : and the resulting remelted region provides a barrier layer for preventing the inner layer material 
from diffusing into the outer layer. The inner layer is metallurgically joined with the barrier layer. 
[0024] Since the outer layer material and the inner layer material become mixed with each other in the barrier layer, 
the barrier layer has a composition approximately intermediate between those of the outer and inner layers: 
[0025] In the centrifugal casting process, a barrier layer prevents the alloy component of each of te layers from 
diffusing into the other layer. Thus, Cr in the inner layer does not diffuse into the outer layer. It is therefore possible to 
render the outer layer thinner by an amount coresponding to the thickness of the region of diffusiion. 
[0026] Table 1 shows examples of designs typical of the bent pipes, although the thickness of the region of diffusion 
differs with the outside diameter of. the pipe, thickness of the inner layer, pouring timing of the inner layer molten metal, 
etc. The value in the parentheses in the outer layer column of Table 1 indicates the thickness of the region of diffusion. 
As described in the above, the outer layer of the bent pipe of the present invention can be made thinner by an amount 
corresponding to the thickness of the diffusion region. 



[Table 1] 



20 



25 



35 



40 



45 



Outside Diameter 


Inner Layer 


Outer Layer (Diffusion Region) 


1 00-400 mm 


10-30 mm 


10-30 mm (5-10 mm) 


400-700 mm 


15-60 mm 


15-35 mm (10-15 mm) 


700-1000 mm 


20-100 mm 


25-45 mm (15-20 mm) 



Conditions for High -Frequency Bending Work 

[0027] To subject the centrifugally cast straight pipe to high-frequency bending work without permitting the high Cr 
30 cast iron material of the inner layer to develop cracks, it is important to properly determine (i) the bending work tem- 
perature, (ii) the rate of increase in temperature to the work temperature, (iii) the rate of bending in the work temperature 
range, and (iv) the rate of decrease in temperature for cooling subsequent to the work. 



(i) Bending work temperature 

[0028] It is important that the straight blank pipe be bent in a temperature range wherein the elongation and reduction 
of area of the inner layer are each at least 50%. 

[0029] FIG. 1 shows the relationship between the mechanical properties (elongation, reduction of area and strength) 
and the temperature, as established for a specimen material having a composition typical of the aforementioned 27 
Cr cast irons (2.3% of C, 1 .0% of Si, 1 .2% of Mn, 28% of Cr, 1 .5% of Mo and the balance substantially Fe). 
[0030] FIG. 1 reveals that the elongation and reduction area are over 50% at temperatures of at least 1000°C. The 
bending work temperature therefore needs to be at least 1 000°C. 

[0031] The higher the temperature, the greater the elongation and reduction of area are, but the outer layer becomes 
coarser in structure, exhibiting pronounced surface roughness with this tendency. The pipe is also liable to deform to 
an elliptical shape undesirably owing to buckling. It is accordingly desired to perform the bending work at a temperature 
of up to 1050°C. 



(ii) Rate of increase in temperature 

so [0032] The temperature is raised to the work temperature at an adjusted moderate rate of 50-250°C/min. 

[0033] The reason is that if the rate is higher than 250°C/min, the high Cr cast iron material of the inner layer is prone 
to crack during the rise of temperature, whereas rates lower than 50°C/min entail no benefit and are unfavorable with 
respect to the bending work efficiency. 

[0034] The rate of increase in temperature is preferably 75-125°C/min. 

55 

(iii) Rate of bending 



[0035] The rate of bending is adjusted to the range of 0.3-0.8 mm/sec. 





EP 1 122 005 A2 

[0036] If the rate is greater than 0.8 mm/sec, the inner layer is susceptible to cracking, whereas rates smaller than 
0.3 mm/sec result in no benefit and are unfavorable from the viewpoint of bending efficiency. 



(iv) Rate of decrease in temperature 

[0037] The rate of decrease in temperature for the cooling step subsequent to the work is adjusted to not higherthan 

50°C/min. . 
[0038] If the rate is over 50°C/min, cracking is liable to occur during the cooling step. The rate is preferably up to 
45°C/min. Since the temperature can be lowered at a rate of at least about 20°C/min even by spontaneous cooling in 
10 the air there is no benefit to adjust the decrease in temperature to a rate lower than this value. 



Hiqh-Frequency Bending Work 

[0039] The high-frequency bending work is performed by the procedure to be described below with reference to FIG. 
15 2. 

[0040] The drawing shows a high-frequency bending apparatus, which comprises guide rollers 1 providing a path of 
transport of a pipe member 10, a high-frequency induction heating coil 2 disposed on the transport path, and a clamp 
arm 3 for controlling the direction of transport of the pipe member 1 0. The clamp arm 3 has a chuck 31 for holding the 
forward end of the pipe member 1 0 and a base end movably supported by a pivot 32. 
20 [0041] The pipe member 10 as held by the clamp arm 3 at its forward end is pushed forward at a predetermined 
speed of transport by a pressure applied to the rear end thereof while being heated by the high-frequency coil 2. The 
clamp arm 3 is pivotally moved with the transport of the pipe member 10, whereby the pipe member 10 is bent to a 
curved form. 

[0042] The bending work temperature, the rate of increase in temperature and the rate of bending of the pipe member 
25 to be bent is adjusted according to the power source output for the high-frequency coil 2 and the feed speed of the 
pipe member 10. The rate of bending is equal to the feed speed of the pipe member. 

[0043] The radius of curvature of the bent pipe to be obtained can be determined as desired by varying the arm 
length of the clamp arm 3. Pipes bent to a desired shape and having a desired bending angle, such as S-shaped pipes, 
90-degree elbows and U-shaped pipes, can be formed by varying the angle through which the clamp arm 3 is pivotally 
30 moved. 

[0044] According to the present invention, bent pipes having a radius of curvature (of the center line thereof) which 
is as small as two times the outside diameter of the pipe can be produced by using a straight blank pipe prepared by 
centrifugal casting and having a plurarity of layers. 

[0045] The pipe member subjected to the high-frequency bending work is thereafter cooled in the air (allowed to cool 
35 in the atmosphere), whereby the in ner layer is given the specified hardness required of bent pipes for use in transporting 
solid materials. When a higher hardness is to be obtained, the pipe thus prepared is held heated at a temperature of 
1000 to 1050°C for at least 3 hours and thereafter allowed to cool in the atmosphere. This heat treatment affords a 
harness Hv of at least about 700. 

40 EXAMPLE 

[0046] Specimen pipes were prepared by centrifugal casting. The compositions of the specimen pipes (a), (b), (c) 
and (d),(e),(f) are shown in Tables 2 and 3. The dimensions of the specimen pipes are shown in Table 4. Specimen 
pipes (c) and (f) had a barrier layer between the outer layer and the inner layer. 



[Table 2] 





Composition (in wt.%) balance substantially Fe 


Specimen Pipe (a) (b) (c) 


C 


Si 


Mn 


Cr 


Mo 


V 


Inner Layer 


2.18 


0.8 


1.0 


27.5 


0.28 


0.15 


Outer Layer 


0.16 


0.3 


0.9 
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[Table 3] 





Composition (in wt.%) balance substantially Fe 


Specimen Pipe (d) (e) (f) 


C 


Si 


Mn 


Cr 


Mo 


Inner Layer 


2.28 


0.5 


1.0 


27.9 


0.4 


Outer Layer 


0.22 


0.5 


0.8 







[Table 4] 



Specimen Pipe 


Outside Diameter 


Inner Layer 


Barrier Layer 


Outer Layer 


(a) 


237 mm 


20.5 mm 


45 u m 


10 mm 


(b) 


237 mm 


20.5 mm 




10 mm 


(c) 


237 mm 


20.5 mm 




15.5 mm 


(d) 


508 mm 


15.5 mm 


35 u m 


10 mm 


(e) 


508 mm 


15.5 mm 




10 mm 


(f) 


508 mm 


15.5 mm 




15.5 mm i 



[0047] The specimen pipes were made into elbows (90-degree bent pipes) using the high-frequency bending appa- 
ratus described. The designed radius of curvature of each elbow (i.e., of the center line thereof) was 2.8xD (mm) 
25 wherein D (mm) is the outside diameter of the specimen pipe. More specifically, the specimen pipes (a) to (c) were 
about 664 mm, and the specimen pipes (d) to (f) were about 1422 mm, in radius of curvature. 
[0048] Table 5 shows the conditions for the bending work (rate of increase in temperature, work temperature, rate 
of bending and rate of decrease in temperature) and the work results. 



[Table 5] 





No. 


Specimen 
Pipe 


Working Conditions 


Results 


35 






Rate of temp, 
increase (°C/ 
min) 


Work temp. 
(°C) 


Bending Rate 
(mm/sec) 


Rate of temp, 
decrease (°C/ 
min) 






1 


(a) 


135 


.1000 


0.4 


30 


Good (no crack 
or surface i 
spalling) 


40 


2 


(a) 


155 


1025 


0.4 


30 


Good (no crack 
or surface 
spalling) 


45 


3 


(a) 


200 


1050 


0.4 


35 


Good (no crack 
or surface 
spalling) 


SO 


4 


(a) 


260 








Inner layer 
cracked during 
temp, rise 


5 


(a) 


150 


950 


0.4 




Inner layer 
cracked during 
bending 


55 


6 


(a) 


130 


1100 


0.4 


35 


Outer layer 
surface 
markedly 
spalled 
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[Tabic 5] (continued) 





No. 


Specimen 
Pipe 


Working Conditions 


Results 


5 






Rate of temp. ' 
increase (°C/ 
min) 


Work temp. 
(°C) 


Bending Rate 
(mm/sec) 


Rate of temp, 
decrease (°C/ 
min) 




10 


7 


(a) 


130 


1025 


0.4 


60 


Inner layer 
cracked during 
temp, drop 




8 


(b) 


135 


1000 


0.4 




Outer layer 
cracked during 
bending 


15 


9 


(c) 


135 


1000 


0.4 


30 


Good (no crack 
or surface 
spalling) 


20 


10 


(d) 


140 


1000 


0.4 


30 


Good (no crack 
or surface 
spalling) 


25 


11 


(d) 


170 


1025 


0.4 


30 


Good (no crack 
or surface 
spalling) 


12 


(d) 


200 


1050 


0.4 


35 


Good (no crack 
or surface 
spalling) 


30 


13 


(d) 


260 


— 


— 




Inner layer 
cracked during 
temp, rise 


35 


14 


(d) 


155 


950 


0.4 




Inner layer 
cracked during 
bending 


15 


(d) 


130 


1025 


0.4 


60 


Inner layer 
cracked during 
temn droo 


40 


16 


(e) 


140 


' " . 1000 


0.4 




Outer layer 
cracked during 
bending 


45 


17 


w 


140 


1000 


0.4 


30 


Good (no crack 
or surface 
spalling) 



[0049] With reference to Table 5, No. 1 to No. 3, No. 1 0 to No. 12 are examples of the invention, and were bent under 
the conditions within the ranges described in the foregoing paragraphs (i) to (iv). These examples were free of cracking 
and surface spalling, hence satisfactory results. 

[0050] No. 8 and No. 16, although bent under the same conditions as No.1 and No. 10, developed cracks in the 
outer layer during bending work. This is thought attributable to the absence of the barrier layer, permitting the Cr in the 
inner layer to diffuse into the outer layer to a position close to the surface thereof during centrifugal casting and giving 
lowered bendability to the outer layer. 

[0051] On the other hand, No. 9 and No. 17 were satisfactory in result although the same as No. 8and No. 16 in the 
absence of the barrier layer and bending conditions, because the Cr in the inner layer failed to reach a position close 
to the surface of the outer layer owing to the increased wall thickness thereof, producing only a negligible influence. 
[0052] No. 4 and No. 13 developed cracks in the inner layer during the rise in temperature to the work temperature 
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since the temperature was raised at an excessively high rate. 

[0053] No. 5 and No. 14 developed cracks in the inner layer during the bending work because of too low a bending 
work temperature. 

[0054] The outer layer of No. 6 exhibited marked surface roughness due to too high a bending work temperature. 
[0055] No. 7 and No. 15 developed cracks in the inner layer during the decrease in temperature because the tem- 
perature was lowered at an excessively high rate after the bending work. 

[0056] No. 1, No. 3, No. 10 and No. 12 were checked for the hardness of the inner layer after the bending work and 
also after a heat treatment subsequently conducted. Table 6 shows the measurements. For the heat treatment, the 
pipes were heated at 1050°C for 5 hours and thereafter allowed to cool in the atmosphere. 



[Table 6] 



No. 


Hardness (Hv) 




After bending (Before heat treatment) 


After heat treatment 


1 


448 


760 


3 


465 


780 


10 


473 


800 


12 


458 


770 



[0057] Table 6 reveals that each of the pipes according to the invention has its inner layer further increased in hard- 
ness by the heat treatment subsequent to the bending work. 

[0058] FIG. 4 shows the metal structure (x 1 00) of pipe No. 1 in the vicinity of its barrier layer after the bending work. 
[0059] Thus, bent pipes can be produced efficiently from a straight blank pipe having an inner layer of high Cr cast 
iron and prepared by centrifugal casting, by subjecting the blank pipe to high-frequency bending work. 
[0060] According to the invention the barrier layer is provided between the outer layer and the inner layer for pre- 
venting the alloy component of each of the outer and inner layers from diffusing into the other layer. This makes it 
possible to render the outer layer thinner by an amount corresponding to the thickness of the region of diffusion that 
would otherwise be formed to reduce the material cost of the pipe. 

[0061 ] The bent pipe of the invention is suitable for use as a piping member of which high wear resistance is required, 
for example, for transporting through the pipe channel a solid material such as oil sand, coal,ore, sand, earth or mu- 
nicipal refuse. 



Claims 

1 . A bent pipe for passing therethtough a material containing solids : 

the bent pipe being formed by subjecting to high-frequency bending work a straight blank pipe prepared by 
centrifugal casting and having a plurality of layers, 

the straight blank pipe comprising an outer layer made of a steel having high weldability, an inner layer made 
of a high Crcast iron containing at least Cr in an amount of 10 to 35 wt. % and having high wear resistance, 
and a barrier layer formed between the outer layer and the inner layer for preventing an alloy component of 
each of the inner layer and the outer layer from diffusing into the other layer, the outer layer, the barrier layer 
and the inner layer being metallurgical joined. 

2. The bent pipe»according to claim 1 wherein the barrier layer is 10 to 1 00 u. m in thickness. 

3. The bent pipe according to claim 2 wherein the barrier layer is 20 to 50 u. m in thickness. 

4. The bent pipe according to claim 1 wherein the high Cr cast iron of the inner layer consists essentially of, in wt. 
%, 2.0 to 3.5% of C, up to 2.0% of Si, up to 2.0% of Mn, 10 to 35% of Cr and the balance substantially Fe. 

5. The bent pipe according to claim 4 wherein the high Cr cast iron of the inner layer further contains, in wt. %, at 
least one element selected from the group consisting of 0.3 to 1 .5% of V, 1 .0 to 4.0% of Mo, 0.5 to 2% of Cu and 
1.5 to 3.0% of Ni. 
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6. The bent pipe according to claim 1 wherein the high Cr cast iron of the inner layer consists essentially of, in wt. 
%, 2.0 to 3.5% of C, up to 2.0% of Si, up to 2.0% of Mn, 23 to 35% of Cr and the balance substantially Fe. 

7. The bent pipe according to claim 6 wherein the high Cr cast iron of the. inner layer further contains, in wt. %, at 
least one element selected from the group consisting of 0.3 to 1 .5% of V, 1 .0 to 4.0% of Mo, 0.5 to 2% of Cu and 
1.5 to 3.0% of Ni. 

8. The bent pipe according to claim 1 wherein the steel of the outer layer is a carbon steel or an alloy steel containing 
at least C in an amount in wt. % of over 0% to not greater than 0.25%. 

9. The bent pipe according to claim 1 wherein the inner layer is heat-treated after the bending work and has a hardness 
Hv of at least 700. 

10. The bent pipe according to any one of claims 1 to 9 wherein the solids are oil sand, coal, ore, sand or municipal 
15 refuse. 

1 1 . A process for producing the bent pipe according to claim 1 . the process comprising: 

a step of preparing by centrifugal casting a straight blank pipe comprising an outer layer of a steel having high 
20 weldability, an inner layer of a high Cr cast iron having high wear resistance, and a barrier layer formed between 

the outer layer and the inner layer and metallurgically joined with the layers for preventing an alloy component 
of each of the layers from diffusing into the other layer; 

the centrifugal casting being performed by casting an inner layer molten metal immediately after complete 
solidification of the outer layer to form the barrier layer and casting the inner layer molten metal immediately 

25 after complete solidification of the barrier layer to form the inner layer; and 

a step of forming the bent pipe by subjecting the straight blank pipe to high-frequency bending work; 
the high-frequency bending work being performed by raising the temperature of the straight blank pipe at a 
rate of 50-250°C/min and heating the straight blank pipe at a temperature of 1 000 to 1 050°C by high-frequency 
heating, bending the straight blank pipe at a rate of 0.3-0.8 mm/sec in the same temperature range, and 

30 thereafter cooling the resultant bent pipe at a rate of up to a maximum of 50°C/min. 
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